Marine Sanctuaries Conservation Series MSD-04-2

B
<

s

Z C - ")
Danicl W. GotShall 2 } '
Ny / ”jl,_/

Sebastes chrysomelas, black-and-yellow rockfish

A Review of the Ecological Effectiveness of Subtidal Marine
Reserves in Central California

PartI:
Synopsis of Scientific Investigations

U.S. Department of Commerce April 2004
National Oceanic and Atmospheric Administration \’__, e
National Ocean Service \ ( ;f'@%ﬁ
Office of Ocean and Coastal Resource Management _— H
Marine Sanctuaries Division o

.“.‘o& ddf&
SANCTUARIES ., g o




About the Marine Sanctuaries Conservation Series

The National Oceanic and Atmospheric Administration’s Marine Sanctuary Division (MSD)
administers the National Marine Sanctuary Program. Its mission is to identify, designate,
protect and manage the ecological, recreational, research, educational, historical, and aesthetic
resources and qualities of nationally significant coastal and marine areas. The existing marine
sanctuaries differ widely in their natural and historical resources and include nearshore and
open ocean areas ranging in size from less than one to over 5,000 square miles. Protected
habitats include rocky coasts, kelp forests, coral reefs, sea grass beds, estuarine habitats, hard
and soft bottom habitats, segments of whale migration routes, and shipwrecks.

Because of considerable differences in settings, resources, and threats, each marine sanctuary
has a tailored management plan. Conservation, education, research, monitoring and
enforcement programs vary accordingly. The integration of these programs is fundamental to
marine protected area management. The Marine Sanctuaries Conservation Series reflects and
supports this integration by providing a forum for publication and discussion of the complex
issues currently facing the National Marine Sanctuary Program. Topics of published reports
vary substantially and may include descriptions of educational programs, discussions on
resource management issues, and results of scientific research and monitoring projects. The
series will facilitate integration of natural sciences, socioeconomic and cultural sciences,
education, and policy development to accomplish the diverse needs of NOAA’s resource
protection mandate.
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INTRODUCTION

Marine reserves, often referred to as no-take MPAs, are defined as areas within which
human activities that can result in the removal or alteration of biotic and abiotic components of
an ecosystem are prohibited or greatly restricted (NRC 2001). Activities typically curtailed
within a marine reserve are extraction of organisms (e.g., commercial and recreational fishing,
kelp harvesting, commercial collecting), mariculture, and those activities that can alter
oceanographic or geologic attributes of the habitat (e.g., mining, shore-based industrial-related
intake and discharges of seawater and effluent). Usually, marine reserves are established to
conserve biodiversity or enhance nearby fishery resources. Thus, goals and objectives of marine
reserves can be inferred, even if they are not specifically articulated at the time of reserve
formation.

In this report, we review information about the effectiveness of the three marine reserves in
the Monterey Bay National Marine Sanctuary (Hopkins Marine Life Refuge, Point Lobos
Ecological Reserve, Big Creek Ecological Reserve), and the one in the Channel Islands National
Marine Sanctuary (the natural area on the north side of East Anacapa Island). Our efforts to
objectively evaluate reserves in Central California relative to reserve theory were greatly
hampered for four primary reasons; (1) few of the existing marine reserves were created with
clearly articulated goals or objectives, (2) relatively few studies of the ecological consequences
of existing reserves have been conducted, (3) no studies to date encompass the spatial and
temporal scope needed to identify ecosystem-wide effects of reserve protection, and (4) there are
almost no studies that describe the social and economic consequences of existing reserves.

To overcome these obstacles, we used several methods to evaluate the effectiveness of
subtidal marine reserves in Central California. We first conducted a literature review to find out
what research has been conducted in all marine reserves in Central California (Appendix 1). We
then reviewed the scientific literature that relates to marine reserve theory to help define criteria
to use as benchmarks for evaluation. A recent National Research Council (2001) report
summarized expected reserve benefits and provided the criteria we used for evaluation of
effectiveness. The next step was to identify the research projects in this region that collected
information in a way that enabled us to evaluate reserve theory relative to marine reserves in
Central California. Chapters 1-4 in this report provide summaries of those research projects.
Contained within these chapters are evaluations of reserve effectiveness for meeting specific
objectives. As few studies exist that pertain to reserve theory in Central California, we reviewed
studies of marine reserves in other temperate and tropical ecosystems to determine if there were
lessons to be learned from other parts of the world (Chapter 5). We also included a discussion of
social and economic considerations germane to the public policy decision-making processes
associated with marine reserves (Chapter 6). After reviewing all of these resources, we provided
a summary of the ecological benefits that could be expected from existing reserves in Central
California. The summary is presented in Part II of this report.



CHAPTER 1

No-Take Reserves in Central California Kelp Forests:
Metrics of Human Impact or the Tip of the Iceberg?

James A. Estes' and Michelle J. Paddack®

'U.S. Geological Survey
University of California Santa Cruz, Center for Ocean Health
100 Shaffer Road, Santa Cruz, California 95060

*Rosenstiel School of Marine & Atmospheric Science
Division of Marine Biology & Fisheries
4600 Rickenbacker Causeway, Miami, Florida 33149

Abstract

Most evidence for the effects of marine reserves comes from tropical nearshore ecosystems.
We attempted to evaluate the effects of marine reserves on temperate kelp forest systems by
contrasting the population structure (density and size distribution) of 10 species of epibenthic
fishes and several aspects of the associated ecosystems between three marine reserves and
adjacent exploited areas in Central California. Densities of fishes were 12-35% greater within
the reserves but this difference was not statistically significant. Habitat features explained only
4% of the variation in fish density and did not vary consistently between reserves and non-
reserves. The average length of rockfish (genus Sebastes) was significantly greater in 2 of the 3
reserve sites, as was the proportion of larger fish. Population density and size differences
combined to produce substantially greater biomass and therefore reproductive potential per unit
of area within the reserves. The magnitude of these effects seems to be influenced by the
reserve’s age. While our results demonstrate that current levels of fishing pressure influence
kelp forest rockfish populations, differences between the reserves and adjacent non-reserves are
surprisingly small. We discuss a number of reasons why the influences of fishing on kelp forest
ecosystems may be greater, or at least different, than our findings indicate. Potentially
confounding influences include the very small size of the reserves, effects of historical fishing,
poaching, spillover effects on adult and larval populations from reserve to non-reserve habitats,
and the possibility that catastrophic phase shifts induced by human disturbances have altered
both reserve and non-reserve areas.



Introduction

Marine resources worldwide are showing signs of degradation (Dayton et al. 1995, Botsford
et al. 1997, Lauck et al. 1998, Pauly et al. 1998). The problem may be even worse than we
imagine, owing to the largely unappreciated importance of top-down forcing processes (Pace et
al. 1999, Estes et al. 2001), past losses of large vertebrates and other consumers (Jackson et al.
2001), and the tendency of many ecological systems to behave in chaotic and non-linear ways
(Scheffer et al. 2001). Given these potential difficulties and their associated uncertainties, how
do we assess and redress the impacts of fisheries and other anthropogenic effects on marine
ecosystems? In response to the increasing evidence that management has failed to achieve
fishery sustainability (Dayton et al. 1995, Botsford et al. 1997, Ralston 1998), there is growing
interest in the use of no-take areas (marine reserves) as a fisheries management tool (Bohnsack
1993, Castilla and Fernandez 1998, Dayton 1998). Marine reserves may serve as buffers against
catastrophic declines caused by the synergistic interactions between exploitation and
environmental extremes (Bohnsack 1993), as well as protect against the inherent risk of
uncertainty in fisheries management (Lauck et al. 1998). Additionally, they may aid in
sustaining and possibly enhancing stocks (Murray et al. 1999).

Beneficial effects of marine reserves on fish and invertebrate populations have been
demonstrated in numerous studies (National Research Council 2001, Halpern in press). These
effects include increased abundance and increased individual size and age in targeted
populations. No take reserves may also enhance habitat quality, such as recovery of corals
(Roberts and Polunin 1993, McClanahan 1997a), species diversity (Cole et al. 1990, Russ and
Alcala 1996), and community stability (Castilla and Duran 1985, Roberts and Polunin 1993,
Dayton et al. 1995). Reserve effects may extend beyond reserve boundaries through spillover of
adults and/or larvae to fishing grounds (Attwood and Bennett 1994, Holland and Brazee 1996,
Castilla and Fernandez 1998).

The evidence that marine reserves enhance population abundance and individual size of
exploited species is unequivocal. However, it really shouldn’t surprise us that protection results
in measurable effects, given the large number of fisheries that have declined or collapsed
worldwide (Botsford et al. 1997, Pauly et al. 1998). The absence of any such effects would be
far more surprising and remarkable. The more important question is whether or not marine
reserves, in their present forms, can be used to achieve the goals of marine conservation and
fisheries management? The answer depends on the extent to which measured effects of marine
protected areas capture the full impacts of human exploitation. If marine protected areas in their
current forms return these systems to near pristine conditions, then the course of effective
conservation and management is relatively simple. If, on the other hand, pristine conditions were
far different from those achieved or achievable by marine reserves, then the proper course of
conservation and management is far less certain.

There are 103 marine protected areas along the California coast, only 11 of which receive
protection from all take (McArdle 1997). Unfortunately, most of California’s marine protected
areas lack baseline biological information, without which their effects are difficult to evaluate.
Understanding these effects is crucial if marine reserves are truly going to be incorporated into
fisheries and ecosystem management. Thus, we set out in the mid 1990s to assess the effect of



marine reserves on populations of exploited fish species and their habitat in Central California
kelp forests. We did this by contrasting three existing marine reserves with nearby areas in which
fishing was permitted. This approach has been used elsewhere to evaluate the influence of
fishing on reef fish populations (see for example, Buxton and Smale 1989, Cole et al. 1990,
Grigg 1994, McClanahan 1994), although relatively few of these have been conducted in cold-
temperate regions (Bohnsack 1998) (for cold-temperate examples, see -- South Africa: Buxton
and Smale 1989, Bennett and Attwood 1991, Buxton 1993, Attwood and Bennett 1994; Chile:
Castilla and Duran 1985, Castilla 1996, Castilla and Fernandez 1998; USA: Palsson and
Pacunksi 1995, Rogers-Bennett et al. 1995, Palsson 1998), and only a small number of other
studies have considered kelp forest fishes (Cole et al. 1990, Palsson and Pacunski 1995, Palsson
1998, Babcock et al. 1999). Cold water/kelp forest systems differ from tropical reefs in
numerous ways, several of which may influence their response to fishing. Compared with coral
reefs, kelp forests are more productive (Duggins et al. 1989), have a lower fish species diversity
(Ebeling and Hixon 1991), and support fish faunas with higher overall trophic status because of
the paucity of herbivorous species (Gaines and Lubchenco 1982), at least in the northern
hemisphere (Choat 1982).

The purpose of this paper is two-fold. First, we contrast three marine protected areas with
nearby non-reserve areas in the Monterey Bay National Marine Sanctuary. These findings are a
synopsis of the results reported by Paddack and Estes (2000). Second, we consider the
implications of these findings to fisheries management and the conservation of kelp forest
ecosystems in Central California and elsewhere. We do this in two ways: by evaluating the
potential influences of adult fishes and their reproductive products both within the reserves and
in nearby non-reserve areas; and by identifying a variety of historical and modern processes that
could have led to substantial differences between the measured effects of the existing marine
reserves and the structure of pristine ecosystems.

Materials and Methods

Field research was done from 1994 through 1996 in or near three marine reserves (referred
to hereafter as areas--Fig. 1) within the Monterey Bay National Marine Sanctuary: Hopkins
Marine Life Refuge (all fishing prohibited since 1984); Point Lobos State and Ecological
Reserve (designated as a State Reserve in 1963 which prohibited invertebrate collection but
allowed commercial and recreational fishing, all fishing prohibited since 1973), and Big Creek
Marine Ecological Reserve (all fishing prohibited since January 1994). Non-reserve areas
consisted of at least two sites nearby each reserve (Table 1). All sampling was done in habitats
with a giant kelp (Macrocystis pyrifera) surface canopy at about 14 m depth over rocky
substrates with moderate rock relief.
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Table 1. List of Sites for each Reserve/Adjacent Non-Reserve (From Paddack and Estes 2000).

Area Site Location/ Depth Average and
Range

Hopkins Marine Life “Lead line” (HMLR-LD) Mid-reserve (off Bird Rocks)

Refuge 9.1m/55-12.1 m

Hopkins East (HMLR-E)

At eastern edge of reserve
10.3 m/9.7-11.8 m

Hopkins West (HMLR-W)

Western-facing side of reserve
10 m/8.8-12.1 m

Hopkins: Adjacent Non- Monterey Bay Aquarium Reef in front of Monterey Bay
Reserve (MBA) Aquarium (0.2 km from eastern
reserve boundary) 10.6 / 7.6-12.1 m
Macabe Beach SW off Macabe Beach (0.9 km from
eastern reserve boundary)
11.2m/7.3-13.3m
Green Gables In front of Green Gables B&B
(0.6 km from western reserve
boundary) 12.1 m/9.1-13.0 m
Pt Lobos Marine Reserve | Cypress Cove toward western point of Reserve
12.1 m/8.5-18.5m
Whalers Cove near the mouth of Whalers Cove
10.6 m/10.6-17.0 m
Pt Lobos: Adjacent Non- | Mono Lobo NE of Whalers Cove (0.2 km from
Reserve reserve boundary)
12.7m/12.7-18.2 m
South Monastery off southern end of Monastery
Beach (0.5 km from reserve
boundary) 13.6 m/ 7.0-17.0 m
Big Creek Marine Big Creek Cove Off main beach
Ecological Reserve 139m/11.8-15.2 m
Square Black Rock 1 mile north of cove
152 m/8.2-20.9 m
Big Creek : Adjacent Non- | Slate Rock Off Esalen (3.2 km from northern

Reserve

reserve boundary)
13.6 m/12.1-23.3 m

Vicente Creek

Ist creek south of Big Creek (1.2 km
from southern reserve boundary)
13.6 m/10.3-21.2m

Lopez Point

south of Vicente Creek (3.2 km from
southern reserve boundary)
19.1m/17.0-21.2 m




Species

We focused on fishes that are both common in Central California kelp forests and exploited
by commercial and recreational fisheries. This included six rockfish species --Sebastes
atrovirens (kelp rockfish), S. carnatus (gopher rockfish), S. caurinus (copper rockfish), S.
chrysomelas (black and yellow rockfish), S. nebulosus (china rockfish), and S. miniatus
(vermilion rockfish); and four others --Ophiodon elongatus (lingcod); Hexagrammos
decagrammus, (kelp greenling); Semicossyphus pulcher (sheephead), and Scorpaenichthys
marmoratus (cabezon). Population analyses focused on the rockfishes. Young-of-the-year
(YOY) were not surveyed as their numbers are seasonal, they utilize different habitats than
adults (often recruiting into the giant kelp canopy; Carr 1989), and are difficult to identify to
species in the field.

Fish counts

The density of targeted fish species was estimated from fish counts by scuba divers within
50 m x 4 m transects. All transects were located from randomly selected origins and compass
bearings. Two divers simultaneously counted the number of fish encountered in a swath 2 m
wide and 1 m above the bottom on either side of the transect line.

Habitat surveys

Habitat surveys were conducted to determine the degree of similarity among sites in
topography, turf algal species composition and abundance, and kelp density (Fig. 2). This
information was in turn used to 1) discern whether habitat variation influenced fish populations,
and 2) help assess whether the differing assemblages of exploited species had any influence on
their associated ecosystems. Algal abundance and cover were measured because algae provide

recruitment habitat for rockfish, shelter fishes from predators, and provide a substrate for prey
(Love et al. 1991).

Divers counting fish were followed along the transect by two habitat surveyors. One
surveyor measured the percent cover of turf algae by placing a 1 m* quadrat at a randomly
chosen distance along each 5 m segment of the transect line. Turf algae were categorized as
fleshy reds (e.g., Gigartina spp., Gelidium robustum, Rhodymenia californica), articulated
corallines (Corallina spp., Bosiella spp., Calliarthron spp.), encrusting corallines
(Lithothamnium spp. and Lithophyllum spp.), and epibenthic browns (Dictyopteris spp.,
Dictyoneurum californicum, Desmarestia ligulata, Cystoseira osmundacea), and the percent
cover for each category was visually estimated (Dethier et al. 1983). The second diver counted
sporophytes >1 m high of giant kelp (Macrocystis pyrifera) and other stipitate brown algae
(Laminaria spp., Pterygophora californica, Eisenia arborea) in a swath 1 m to either side of the
transect. The second habitat surveyor also classified the substrate in each 5 m segment as being
predominately sand, cobble, flat rock, low boulders (<1 m high), medium boulders (1-3 m high),
or pinnacles (>3 m high). Bottom depth was recorded at 5 m intervals along the transect line.
The relationship between fish density and each of the habitat factors was evaluated using a
stepwise linear regression.
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Fish sizes

Total length of individual fishes was estimated in situ to the nearest centimeter with a diver-
held Plexiglas ruler mounted perpendicularly at the end of a 1 m long rod (the rod and flexible
ruler allowed divers to measure fish in crevices). Transects to measure fish sizes were conducted
in the same areas as fish counts, but on different days in order to not bias either the count or size
data. Two divers swam a square course starting at the boat’s anchor, measuring every targeted
fish species that was encountered within 1 m of the sea floor. The accuracy of this method was
evaluated by collecting some of the fish with a pole spear in non-reserve areas after they had
been measured in situ. This was done for 32 individual fish of 3 species (S. carnatus, S.
chrysomelas, and S. atrovirens), ranging in total length from 14 to 32 cm. /n situ measurements
of fish length ranged from < 1 cm to > 2 cm actual length (average difference was +0.13 cm +
0.98 SD).

Total length (TL) measurements were converted to standard lengths (SL) using SL/TL ratios
provided for each species by Lea et al. (1999). A mass-standard length regression, based on
>500 individuals of S. atrovirens and S. chrysomelas collected near Monterey, California
between 1984 and 1986 (Larson et al., unpublished data), was then used to convert standard
length to biomass. We did not extrapolate these biomass estimates to other species as small
differences in length/weight relationships can translate into large differences in biomass for equal
numbers of fish. Fish biomass per unit area for each site was calculated by summing the product
of mass for each size class of fish, the proportion of fish in the corresponding size class, and fish
density.

Length-specific fecundity (LSF) was calculated for S. atrovirens and S. chrysomelas using
relationships with standard length (SL) provided by Romero (1988) and Zaitlin (1986)
respectively (S. atrovirens--LSF=2.1x10°SL*"**, *=0.788; S. chrysomelas--LSF=1.36x10"
SSL>, 1’=0.92). We use the term "reproductive potential" to describe the number of eggs
produced per area of habitat by a population. Reproductive potential was estimated for each
species and site by summing the product of the fecundity for each size class, the proportion of
fish measured in the corresponding size class, and fish density (Table 2). For this computation,
fish density was determined by dividing the fish counts by 2, assuming that rockfish have a
50:50 sex ratio (as there is no evidence to the contrary for inshore rockfishes).



Table 2. Total length at which rockfish populations reach 50% sexual maturity (from Wyllie
Echeverria 1987) and proportion of fish estimated to be sexually mature from this study
(From Paddack and Estes 2000).

Size (& age) Reserve Non-Reserve
at 50% n, size range % n, size %
Fish Species maturity Area (TL, cm) mature range mature
S. carnatus 17 (4 yr) Hopkins 28, 15-35 96 15,10-30 87
Pt. Lobos 18, 16-37 94 55, 10-35 82
Big Creek 123, 9-35 93 85,9-32 94
S. chrysomelas 15-16 (3 yr)  Hopkins 44, 18-36 100 29,11-31 88
Pt. Lobos 11, 26-35 100 25,10-30 92
Big Creek 11, 15-34 100 6, 13-26 83
S. atrovirens no data Hopkins 165, 10-42 96 100, 10-33 89
(assume 16 yr)
Pt. Lobos 28, 16-39 100 42,17-34 100
Big Creek 41, 20-45 100 39,16-37 100
S. caurinus 32-34 (4-6 yr.) Hopkins 6, 23-30 0 5,25-30 0
Pt. Lobos 5, 37-44 100 3, 19-26 0
Big Creek 6, 15-43 50 8,28-43 38
S. nebulosus 27 (4 yr.) Hopkins none none
Pt. Lobos none 1,24 0
Big Creek 1,26 0 none
S. miniatus 37-38 (5 yr.) Hopkins none none
Pt. Lobos 1,21 0 2,30-35 0
Big Creek 5, 33-40 60 4,40-48 100

10



Results
Habitat analyses

Frequency distributions of substrate types did not differ within areas between reserve and
non-reserve sites (Kolmogorov Smirnov 2 sample tests: Hopkins P=0.15, Pt. Lobos P=0.26, Big
Creek P=0.36). Frequency distributions of percent cover for articulated coralline, encrusting
coralline, brown, and foliose red algae varied considerably between each reserve/non-reserve
pair (Fig. 3). G-tests showed that 8 of 12 possible pairwise comparisons (3 areas x 4 algal
categories) between reserve and non-reserve sites differed significantly. However, there were no
consistent trends for any algal class between reserve versus non-reserve areas (Fig. 3). Neither
giant kelp (ANOVA, F,,=1.24, P=0.38) nor epibenthic stipitate kelp (ANOVA, F;,=3.99,
P=0.18) densities differed significantly between reserve and non-reserve sites (Table 3). A
multiple regression showed significant correlations between articulated coralline algae (p=0.01),
brown algal ground cover (p=0.03), and stipitate kelps (p=0.009) and rockfish density.
Collectively however, these factors described only 4% of the variation in fish density (r*=0.041).

Table 3. Mean counts (No. 10 m™ £SD) of canopy (Macrocystis pyrifera) and understory
(Laminaria spp., Pterygophora californica, Eisenia arborea) kelps. (From Paddack and

Estes 2000).
Area Canopy Understory
Fi,=1.24, P=0.38 F1,=3.99, P=0.18
Reserve Non-Reserve Reserve Non-Reserve
Hopkins 1.6 +1.27 1.6 £0.71 1.2 £1.91 04 + 0.62
Pt. Lobos 1.7+ 1.77 1.3 £0.78 5.3 £1.39 24 + 2.11

Big Creek 3.6 +1.82 0.7 £0.60 4.9 +£3.87 44 +3.45

11
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Fish Species Composition

Fish species composition differed somewhat among the three study areas, due to the absence
or very low density of certain species at some sites, but this did not appear to be due to reserve
status (Fig. 5). Cluster analysis indicated that species composition was most similar between
each reserve/non-reserve pair (Fig. 4b). At Pt. Lobos and Big Creek, S. carnatus was the most
common species whereas S. atrovirens was the most common species at Hopkins. S. nebulosus
was rare, found only in the Big Creek sites and the non-reserve site at Pt. Lobos. Semicossyphus
pulcher (a labrid fish near the northern end of its geographic range in Central California--Miller
and Lea 1972) occurred at Big Creek, was rare at Pt. Lobos, and was absent from our samples at

Hopkins.

A. Habitat B. Fish Species Composition
H —— B
HO — BO
Bl— LI
&
v BO— LO
LO HI—I
LI HOJ
T T T 1 T T T 1
0001020304 0.00.050.10 0.150.20

Dissimilarity Index

Figure 4. Cluster diagrams based on a) habitat variables and b) species
composition. Dissimilarity measure is 1 minus the Pearson
product-moment correlation coefficient. (H= Hopkins, L=
Pt. Lobos, B= Big Creek, I= Inside reserve, O= Outside reserve).
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Figure 5. Species composition of surveyed fish species at each reserve/non-
reserve site.
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Fish Density

Fish density was 12-35% greater in the reserves than the adjacent non reserves (Fig. 6,
Table 4), but these results were not statistically significant (two-way blocked ANOVA,
F1,=12.751, P=0.07). It should be noted, however, that the power of this test is very low (1-p3
<0.20 for effect size of 0.12 and 1-p = 0.41 for an effect size of 0.25).
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Figure 6. Fish densities (mean + SEM) in reserve and non-reserve areas for all
species combined (n=number of transects per area).
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Table 4. Density of each fish species (No. 10 m™ + SD). The F statistics below each fish species

test for overall reserve effects. (From Paddack and Estes 2000)

Hopkins Non- Pt. Lobos Non- BigCreek Non-
Fish species Reserve Reserve Reserve Reserve Reserve Reserve
Sebastes
carnatus 0.12+0.17 0.04+0.06 0.28+0.26 0.28+0.22 0.33+0.27 0.22+0.23
F1,2:3.40, P=0.21
S. chrysomelas 0.13+0.13 0.08+0.12 0.17+0.18 0.17+0.13 0.05+0.10 0.10+£0.23
F1,2:0.01, P=0.93
S. caurinus 0.02+0.04 0 0.04%0.07 0.04£0.09 0.03+0.05 0.01+0.03
F1,2:2.87, P=0.23
S. atrovirens 0.33+0.41 0.23+0.30 0.24+0.15 0.18+0.30 0.20+0.30 0.17+0.15
F,,=8.99, P=0.10
S. miniatus 0 0 0.02+0.03 0 0 0.0440.04
F,,=0.34, P=0.62
S nebulosus 0 0 0 0.003+0.01 0.004+0.01 0.002+ 0.01
F1,2:0.13, P=0.75
Scorpaenichtys
marmoratus 0.03+0.04 0.03+0.04 0.02+0.03 0.03+0.04 0.02+0.04 0.01+£0.03
F1,2:0.20, P=0.70
Semicossyphus
pulcher 0 0 0.01+0.02 0 0.09+0.19 0.04+0.07
F1,2:1.25, P=0.38
Ophiodon
elongatus 0.01+0.02 0.01+0.02 0.04+0.06 0.01+0.02 0.02+0.05 0.02+0.02
F1,2:2.60, P=0.25
Hexagrammos
decagrammus 0.04+0.06 0.05+0.06 0.04+0.06 0.02+0.03 0.07+0.07 0.04+0.06
F1,2:2.18, P=0.28
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Population Structure

Size-frequencies were combined within sites for those rockfish species having similar
maximum sizes (i.e., S. carnatus, S. chrysomelas, S. atrovirens, S. caurinus; Fig. 7). For the two
areas protected the longest (Hopkins, 12 yr; Pt. Lobos, 23 yr), average lengths were significantly
greater in reserves than non-reserves (Hopkins--t=9.29, df=390, P<0.001; Pt. Lobos--t=7.10,
df=191, P<0.001). Mean lengths at Big Creek (protected for 1 yr.at the time of our study) did
not differ significantly (t=0.51, df=328, P=0.304). Kolmogorov-Smirnov two sample tests for
each reserve/non-reserve comparison also showed significantly different length-frequency
distributions (i.e., population structures) at Hopkins (P<0.001) and Pt. Lobos (P<0.001), but not
Big Creek (P=0.99). Pooled Kolmogorov-Smirnov tests resulted in a significant difference
between reserves and non-reserves overall (P=0.0002). The populations of non-reserve fish at
Hopkins and Pt. Lobos were dominated by small size classes, whereas at Big Creek the size class
distributions were similar between reserve and non-reserve sites (Fig. 7). This pattern held for
each of the common rockfish species.

Biomass

Biomass density (g fish 10 m™) estimates for S. atrovirens and S. chrysomelas at both
Hopkins and Pt. Lobos were >2 times higher in the reserve than non-reserve sites while at Big
Creek there was no discernible difference between the reserve and non-reserve sites (Fig. 8).

Reproductive Potential

While the length-fecundity equations are power functions typical of mass-length allometries
(Zaitlin 1986, Romero 1988), they diverge considerably between S. atrovirens and S.
chrysomelas for fish >20 cm standard length. Based on these length-fecundity relationships and
size frequency distributions, estimated reproductive output for both species was greater in the
reserve than the non-reserve sites at Hopkins and Pt. Lobos, but similar at Big Creek (Fig. 9).
The comparatively low estimates for Big Creek result from the general lack of larger individuals
in both reserve and non-reserve sites.
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Figure 7. Length frequency distributions of rockfish species combined (S. atrovirens, S.

chrysomelas, S. carnatus, S. caurinus) in the reserve and non-reserve areas at Hopkins,
Pt. Lobos, and Big Creek.
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Fish Biomass (g 10 m-2)
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Figure 8. Average biomass (:SEM) per unit area (10 m?) for S. atrovirens and
S. chrysomelas in reserve/non-reserve areas.
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Reproductive potential (no. eggs produced 10 m-2)
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Figure 9. Estimated reproductive potential (mean = SEM) for S. atrovirens and S.
chrysomelas in reserve and non-reserve areas.
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Discussion

Our findings, like those of so many others who have studied the influences of marine
reserves (National Research Council 2001, Halpern in press), provide a clear but surprisingly
subtle sign of human impact. Are these data an accurate metric of human impact or are they only
showing us the tip of the proverbial iceberg? They might represent the “tip of an iceberg” if 1)
reserves are too small to allow buildup of biomass or retain viable populations of rare species, 2)
high spillover occurs from reserves to non-reserves, 3) recovery in the reserves from
overexploitation is still ongoing, 4) poaching is a significant factor, or 5) earlier impacts of
human exploitation resulted in large-scale changes in ecosystem function that influence reserve
and non-reserve areas similarly.

The possibility that the reserves we studied are too small to capture the full influence of
human take is especially worthy of consideration. Conservation biologists have been quibbling
over optimum reserve size for decades (e.g., the SLOSS debate; Diamond 1975, Simberloff and
Abele 1976). A renewed interest in this topic has led some terrestrial ecologists and conservation
biologists to conclude that small reserves are inadequate to preserve biodiversity, owing largely
to a growing realization that top-down forcing processes are important in many natural systems
(Pace et al. 1999, Estes et al. 2001) and large areas of habitat are necessary to maintain viable
populations of large, apex predators (Soulé and Terborgh 1999). For instance, when home range
size is large relative to reserve size, a species’ probability of extinction within a reserve or
protected area may be high (Woodroffe and Ginsberg 1998). Furthermore, if their normal
movements frequently take individuals beyond a reserve boundary and the risk of being caught
in that area is high, stock increases within the reserve are unlikely to realize their full potential.
Small or isolated reserves also are more likely to depend upon external sources of larvae, making
them vulnerable to recruitment over-fishing in heavily fished areas (DeMartini 1993, Jennings et
al. 1996, Roberts 1997, Carr and Raimondi 1998).

The sizes of most coastal marine reserves worldwide are miniscule compared with their
terrestrial analogues, and the reserves we studied are no exception (Carr et al., in press). Might
larger reserves show more dramatic or even qualitatively different effects of human exploitation
than their small counterparts? Halpern (in press) surveyed the literature on marine reserves and
found no evidence for an effect of reserve size on species diversity, density of exploited
populations, or trophic disfunction. While this study was based on an impressively long list of
case studies, an effect of reserve size could be masked by profound and large-scale effects of
historical overfishing (Jackson et al 2001) and the extremely small size of most existing marine
reserves. Thus, even the largest marine reserves may be too small to capture a reserve size effect.
This possibility seems especially likely to us, given that historical overfishing targeted the large
apex predators (Pauley et al. 1998), the spatial scale of key forcing processes is greater in the sea
than it is on land, and nearly all marine reserves are very small compared with their terrestrial
counterparts.

Several studies have shown increased fish abundance in exploited areas nearby marine
reserves, a phenomenon attributed to adult spillover from the reserves (Polunin and Roberts
1993, Attwood and Bennett 1994, Russ and Alcala 1996, Wantiez et al. 1997). This effect also
may decrease rockfish density differences between exploited and protected areas by enhancing
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populations in exploited areas and reducing populations in protected areas. While there is some
evidence that rockfish move from areas of high to low population density (Matthews 1985), they
also have been shown to have small home ranges (Miller and Geibel 1973, Larson 1980).
Rockfish density and biomass also may be slow to recover from fishing pressure (Holland and
Brazee 1996, Russ and Alcala 1996, Gunderson 1997, McClanahan 1997a) as these species are
typically long-lived, slow growing, and late to mature (Love et al. 1990, Leaman 1991).
Poaching, which undoubtedly occurs in Central California, may also help to explain the modest
differences in fish populations between reserves and adjacent protected areas.

The length-frequency data from our study provide additional and statistically stronger
support for rockfish population differences between protected and unprotected kelp forest sites.
Increased fish sizes within reserves also have been demonstrated in many other studies (Roberts
and Polunin 1993, Dufor et al. 1995). But here again, do these patterns properly reflect the full
effect of human impact on fish size or might truly unexploited populations contain much larger
fish? Examples of fish from aboriginal midden sites that are far larger than those known from
modern or more recently historic populations seems to support this latter possibility. Because
reproductive output often scales to fish size and biomass, this same caveat applies to our
calculations of reserve effects on the supply of young fish.

The perception of understanding human impacts on the kelp forest ecosystems of Central
California by contrasting reserve/non-reserve areas must be further tempered by other sources of
uncertainty. One of these is the lack of any real historical information on the structure and
function of these systems before the time of human contact. This is especially important for the
New World, which was not peopled until about 14,000 ybp. The influence of human exploitation
on coastal marine systems is more extreme and has a deeper history than many people realize or
even care to admit (Jackson et al. 2001). Worldwide, spectacularly abundant populations of large
animals inhabited coastal waters and in many cases exerted important functional influences on
these systems. Many of these large animals have been so depleted that their ecological roles are
extinct, even if the species themselves still survive. Central California kelp forests lack Steller’s
sea cows (Hydrodamalis gigas), a large herbivorous mammal that was common in the area until
late in the Pleistocene and may have exerted an importance grazing influence on kelp forests
(Estes et al. 1989). Sea otters (Enhydra lutris) are another functionally important species in
Central California kelp forests although they have arguably recovered to historic levels in
Monterey Bay. The pervasive influence of sea otters as predators on benthic invertebrates, and
the cascading effects of this interaction on kelp populations (Estes and Palmisano 1974) may
explain the absence of any evident top-down influence of the marine reserves in our study as the
otters forage across the reserves and their adjacent non-protected sites. Nonetheless, other
important consumers, especially the larger coastal fishes, are probably reduced or absent
compared with earlier times. The functional ghosts left by these species may have preconditioned
their associated ecosystems for further change, which we now consider natural (Dayton et al.
1998, Jackson 2001). An even greater potential for change through time relates to the fact that
many natural systems undergo catastrophic phase-shifts due to non-linearities in the forcing
functions (Scheffer et al. 2001). Phase shifts of this nature are known to occur in kelp forest
ecosystems (Konar and Estes in press) and probably take place in other coastal marine
ecosystems as well (Petraitis and Dudgeon 1999). A highly significant consequence of this
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dynamic is that small disturbances can cause large change while large counter-disturbances to
the altered system may result in no effect at all (May 1977, Scheffer et al. 2001).

In sum, while our research provides unequivocal evidence for both a detrimental effect of
human take on marine resources of the Monterey Bay National Marine Sanctuary and thus a
beneficial influence of marine reserves on these same resources, these findings may mean more
than is apparent. The extremely small size of these reserves, their relatively young age, and
uncertainties relating to both an appropriate historical baseline and the chaotic features of
ecosystem behavior might very well render as grossly incorrect the naive and simplistic view that
pristine populations and ecosystems have somehow been re-created by removing the influence of
human exploitation from our coastal marine reserves.
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CHAPTER 2

Baseline In Situ Surveys And Landing Creels Of Nearshore Fishes
Within The Vicinity Of Big Creek Ecological Reserve
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Abstract

The decline in the success and quality of Central California’s nearshore rockfish fisheries
over the past decades and the rapid expansion of the live/premium fish fishery, which targets
shallow water kelp forest fishes, have underscored the need for a revised management strategy
for this resource. Marine protected areas have been suggested as an alternative or additional
management tool to create sustainable fisheries. The overarching goal of the study is to provide a
benchmark or “line in the sand” of data collected in a newly established marine protected area.
Because both fishery independent and dependent data are crucial in the evaluation of the reserve
as a fishery management tool, we collected data from in situ surveys of fish populations within
and adjacent to the Big Creek Ecological Reserve (BCER) and monitored the landings of
commercial and recreational fisheries targeting fishes in the vicinity of BCER.

We examined numbers of all fish observed during random transects conducted within and
adjacent to BCER. Counts north of BCER in 1995 and 1998 were significantly different (41%
declined); however, counts within and south of BCER were not statistically different between
1995 and 1998. A high percentage of 1998-99 Big Sur commercial skiff fishery landings were
composed of cabezon, and black-and-yellow and gopher rockfishes. This study documented that
4.5 times more Commercial Passenger Fishing Vessels (CPFV) trips were made to the Cape San
Martin region as were made to the Point Sur region. Most species taken in the Point Sur region
were larger than those taken in the Cape San Martin region; however, there was not a significant
difference in the CPUE between the two areas.
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Introduction

Marine reserves, established as a fisheries management tool, are intended to manage
exploited stocks by protecting populations of sexually mature species vulnerable to overfishing
and thus insuring a continual source of new recruits. Reserves have been reported to enhance
fisheries in other parts of the nation and world; however, limited information is available to
evaluate their effectiveness on California's sport and commercial rockfish fisheries. Rockfish are
an important and heavily exploited component of sport and commercial fisheries in California.
The estimated value of the sport fishery to California’s economy is about one billion dollars
annually (Lenarz 1987), while the annual ex-vessel value of commercial fisheries for rockfish
exceeds ten million dollars (CDFG unpubl. data). In 1995, California Commercial Passenger
Fishing Vessels (CPFV) reported landing 1,174,991 rockfish; 62% were landed in Central
California (CDFG unpubl. data).

The success and quality of Central California’s nearshore rockfish sport fisheries have
declined over the past decades, particularly in areas close to ports (Miller and Gotshall 1965,
VenTresca and Lea 1984, Reilly et al. 1993, Karpov et al. 1995, Mason 1995). In the northern
and Central California sport fishery, between the late 1950s and early 1980s, the average weight
per rockfish declined by 13 percent, or 0.43 pounds per fish; average weight decreased for 12 of
16 major rockfish species (Karpov et al. 1995). I